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1- n-itto of yht f.'czy '2.~

:Et roas subtted on 13 ! eb 19677

The U-s olk obt3.InIz laz'ga amonts of cal-I'lar 3~m.s~a
racentI7 taken on p--!=ary s.gnific&ae Lm -on~eetioa vith tbain

.s=.Ve !At-Od tioa of t-'io tss..o cult-are =nt2:cd !=nto prO4.ca~
in a wide eirola ot biologita. Tz~~~s ~e mo:t ecet~Iva
=athod~ tok- th* rzodu~tSon cAf c.2.l C"' tuea is ths netbod *ob& as-
,anded cultivatioa, %!43h fro a qrod--c tio-n point of v~ov bxLs a

na~~ o esaentIAl advc~tages in com-a.'iso ul.th thekda 3 ~o
=etboc. of fI*xed ==oaye- cultivation.

1?. sucesasul routering of tba =mthod of suspow~ad cualtivation
of call.s depands =n a vmber of factors a-vmg mb&'h az lz*oz'tit
role is playe*d by the perfect iou of the technical gu&Amtt" of the

At tb I~t~t of Virzoloaw i~ui D. 1. Ivn'aUoAL&SR
\"-ork ma a-ried out on the daeelo~Sent of a coolex of equiSmmnt

=4ath 13 req~iro fm~ maszezingj of tbe suapende.4 cultivation of
cols! con~fomity 7it-h the conditions at an 'r-6, tr~al cultiv.a-

tiocn labor'atory.(

An ~.amaysis of the& 3i pifcant Ue-I.o~i tcnological, AndA
equmUt V'L tor S0*t174n tb* ta--k of aS;;Qmdsd cultIy~tI.O-

ike p*, ossible to 'Uvidei90 Into tuo, .n tvpes -L continuoA~a
zt*?3t6 &nd n0=nIV6, =X0. ,nl a!~ s-C.3.e spnU:'6tod
.attation a.--- belng tho,-t of he'. 7'as gratext ;ractiez1

.. rezt Tfrov. theo p oint .e of cdt.-oca.tsl.npuc: .
a: rttondimnc, cnc wov~T bc10 to c~o z~o '.t.
,v±tSon u*In'w un!into ,xptas or Cin-br-tH -... ;i of nrent =*sd-l=~
vilth the 31="'t=-Co: -%;oo:*A o.*# the Z.e -"O.- of7:zen~

In recent -rc&.ra abcz a co=24iorzblo :%umlr of =4~!~!.-
~ ~" o c:tnZ.t~ea -:-,c;C ' . t

majority of Cczc d-' ' f::rc~ In the
tc~bn3.~yG." ~ V1t.G ~O1D . arie T *i;.ent dcasn. S

*~::i.:,c r 0=~e Cm LM 5

e~C~ccr.--% iue*. sac,*2.in of th±~e cell srspe.ne,
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-Cotinuo= .syastca= ba.sed on th.e ,::
endtio= Ifor the -devQ1lo rcP of t~t ZUZ!Zt :-

-Int two tiea st - sr.-C=s tt.1~ ' ~~~
chmsa rpoposed in 195 by 2V~ a~ t z

cwi~andSz-Illzrd ffl; 2ad -systa utV 4

ot t&''dosta. p-oposed by 4ters and Clak 144
Zn~ of tbe 1st ty-ft tiae COdt 2 to07 stab" -to 0ofh
d~i~.tof th6 eult=-e &-,e on-ured by the use Of =tzriadia
wit a1uSZud Z'sz'v. of cerlain viably L-rpo_=tsnt =~tabo1±.tes

..io re26m~ the =0 Ztiplication of -the Caflls Wlith the addition
at fesh ad1~and the si1fltozeous inanoff Of sUSPenSio~n ItS cn-

czttoraIxtrtedxced& MAi again iproves the cmod-ition for. the
deWI oS-Ii of. the cuiture. I= xys-t&-s of the 2nd tbth do=1ty
.or tbe cen szpuIcn U. used &s the regating ftorc=. The con-
t'mwmis indicat~on of the dynamIcs of obaW3o In the densiLtY Of the
ConJ no1tir XLAS It _D033ibI6 to znsliZe the ALL,'o~ti reOgu:A-
t~ou of the rite of. sa j,:Lyi=g frsh =tatznt =dau ith t:-A 5J1f1-
ftneo= 1'=MDVl o= thb cos-4pond.M a=Mrnt Of SUSPenSIOn.

3wjo3piS ofthe triott in th ast * Ia1sins for

tbg -Mxjm steady ra~te of .1 tip±cAt ion Vit]2 the -inS 4 --1cration
of,.a~genraion(baedon thi data of T3.LU114 at ale Aon an Order

of ,14-15 h as) d a i£tbed=t o 0- O-~in
radabing- .& x lo *&I sm.

in~ tairga up the problem of developing *cral4;nt fo tba sus-
pwzed -=ltIxatio of cells the problem arises of Selecting the
6"* optimzm riajtiocc for realization of Z2W systeM. In c~nO!tiTy
with I1the- tilaiona of the Institute of Virology 41-11 Do I.
* Iiawvgkno AXE U3, and- also of a =ber of other related i~sti-
t~tA*'* it is possibl to formulate tbAe basi Vsnra4 reqairementst

hMI dhl I* I-o~d on t~a syste= 1) universlity Of tbe
-im n the sen, 0 of the feeasblityof Sflng It not onl17 fr

i~9al 3102*s but Also I.z Z Par-ns work by virologlis,
Cytoloistas and bloosinits; 2) reliability Sm operwticn An

A~a~ityof uintanane - 3) _PossiIlity of walkIng With sm"f
vu3.uuss of suspesions; 45 G0@pzratiLvael low coat. Considering
these corditions, and1 also the Mtl*40k for 34steriCS the new metOd
vltmt prlUi5Z7epiw**O it iBe mr preferable to consitnct
a zodsl of a syst for suspended cu1tiva:ti1on. bkid on the nono on-

tm type, which ocowletely satins" the is4quIfrenenIts uhich vs--e

MaTb basic jCbM of ths unit for- s-uspezxdd cultIvation is
2 , 9M in pig=*l~

8133 ou1l vesseaA (1 wib flotiLO~ns vans wetio fl~x~s
ar,jet up on an IylatrIAlly P43aoed mgnPtic dxrive M e v.926la
az'en equIlped with airtlsbt i!ds vith connecting Pieces for the

2.



i:-u-,- ane. ta:ecA G:T t0 _- t-i'o az L- usrze for te
of tl.e :.=e - a pCe --or _-%n -,!re:; nur-e~t-.-i

--orac.:zty t~e of :.t,-voiaicns ol' t . ot- r-ts az
re~Lted. by an au to anfr-, (7). The ster±le --ecove-- of cal
us~onsonIs carriad oa~t with the help of s-opzocecs r.-4at a-r- la-

;ated in the 2.owez' =rt of the vessells 'z -resjh ntri~ent =-Aill= !s
Coatalnd im vosseJ. (5) and uhan naes=Lry L- fed z; the culzuxre
vessels with the halp of zo-:coaks 3 .( ~ e I LLCSM of SI2.iCon
rabber serve as Conct,.nS acments oat--raen voes3 (5) and the,
culJture V62S01Z.

M-18 a'~t.o Syr3-,e= COAIMSin A ir~ 4I*Z.± tho
3u~li oZ the &G-gzau =l.xturae thou thL- C"rOvesseC1-1 a

mixng tanx'- (3)o azd a *C azalyzer u.1t (2). T!: raqi,.red4 ooz-
celtIt.oa Of "p2 In th gga= =Ixb.-a rich is ci-'culAting
%Phhzouj - the aeration systeom I-- coatrolled '-. =oz:.n deVICes
&=! autor.Atic equi~mazt. if the C%2 conoont-ration de'Ziates to
ona side or the other Serom the assigned Value aithk, a!-- from a
oo=.zresso:! (11) or CC2 fro"m a ti-7 12) !is aii-t OMt caly fed In.
Mae P0Yt!.o;., of tbe rettilred Cozyonent of the gasea-a n'.xta-.o !A
."ad Into the 10ration 373t=~ Tth the -help Of M--X2Gti valVeS
(S and 9).

?cr ettabli *bi~ng tiae reqifred aenLL4.Viitxe 0: CIO & =icrove-
duc., (14) is used. it Is coaw..ted undrneath to Ns seargr
outlet of an Or.Cinwze rducer far carbon diaxi4de with mximx-
;ressUreG on the 1l00 side OfC 5 at=. The rate of CO2 susP3ZIj is
controLz.14 with the !z&3. of the rbne--ter (115). ikir gterility
In ensured with a atcrili=ton fiter 110).* Znb ic123si-m a±
a air-ilg~ filter it the line of Supply ar C02 '.rnd out to be
1.=*oezsary, since her. th'e ouitiour. of sterilit7 are ensured
by the use of sinpi. cotton filters (.19).

TkID OUlt;2r" Vessel is & &lUs3 cylinder with a f:ltt bottm
,which is =Rd* 2r=m elyb4.em glass. Welded to tbe lower part
of the vosae] is a fittingE with a sentvion oontai-ing the tap for
-ecaoery of cell =spars'n. A -0very an elAeent of the
ciltur. vessel is the xstea for =Ixing tba ccli zspeosiorn.

-t le des~d4 an OrISInal floating vans mixer1 Uhl&% is kept
!an rotatlon by a xtazdna,%4. ma33etic drive. It has no rmbbi~ng

~.o-~'Wt oZnt&Cts In the liquid1 does mot requiLre airtight
trais fer bcarin& tgs pr.-orm very effective mix!n thiarvy to the
vazes, ad We a hiP degr-ee of reliability dring piiolonged
-az~mterr-upted ope-tio:%.

1./ L. 1. )!izhin vk~d others, Inventor's certlf?.cate '> 75M90
d~tod.17 Apyr I965.



P~4hizAtfowa Abt o aUri~t for? suspnded cult."Vat:oo ox ce3.Z.

cz-pp; 5 - Ya..eL mith =rlent modiu; a - driveo: ~ gctlc
uz.; 7 - s.fbatra.a& ~r :or r-sau21:* te ==bhe- of --voxti:-ns

44%-a -me ; a - TaZVO f= SOVAi7 or C02; 9 - va"iY, for WaPS17 of
2f 0 - alr ats-1ljLctian filter~; 2.1. - &I= co-Apresso; 12 - tan-k

with cA.--bm d1ozcSea; 2.3 - '.sreredzmer; 14 - =c*-e
1- -rsmtr 2.6 - ato~cock for Ised±rg ueda± to culttuo wersal-s;

"17 - Stook for c~r bypass of wmalzer unit; la - stopcoC~c for
zuitc-1m t~ lwo O ~ au ; 19 - al.r V.1ter;

20,- cra accrect-'on; 21 - T-conmect2lon.
LTua.to'zot*-. Ma t or,.ooy used fo0 Nos. 14 :~ .9n

as aim ---4in .:as~ 1 etv~ o tot M3oaormj

The sc*2%amzt.c arramneent of trA =Ixer nm4 :tt lor-rtion 1z
ttA cu.~.ve vs e &-- aa In 1. ft ferrcxs&:etiLc rod, coz-
tatted by: a maotic U"~. iz t~e rotating m~mt~z &-io 1-L
imlazee, In a Sglaa tube wbc~ !.! wi.24et to tza :.o-e:, pz.- of r
tpVnricA1 float.. -ield~ to the wapr~e ?az of t n1aat is a glass
tizbw.bearinf, tb4 v~as =&2. tz'.oe-G= in's~. a ezo~1Eo arin
withi a riverset conse-t V- Lc t .e =ixa: --ots again~st tZA com1ca1
Teflon-lika izc-ez = t"e 1ld o: thie -cs~e.

-=x watue oZ zze float cnzi t -e re!,&ht of t:-7 :~xcr a-* calcu-
* lxted ao tomt th6 c-yj-j capacit17 is 11 -15 g &-*&ar t-ari th.a
1'attract..ve rorce of tc-c lemzg-mbr.1c :-cd -z tza = .etic. drive.-
.;The u'okAdm df~.temce botv tke b ttom of tZO- v@essel. am. t.-*
* Stic cp oe- is 3-64ma
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_Iqd s li4"e b.- the leve' at

z~b:-c-sdin th: 2l10u4d. T.'= tux-
* of the bildes shciLld be mzcli tbat

d~ji:ng rota.tion the react5.ion of
qra~ss;.:re of the liquid. an the vanes

*: i cfeoted -An--ds in ordox. to
- avold t.0e SOP~at~on -. 6 the ~~i

Ar~ b arlng at a suffic5.etly
ri l nubar o4 Zerolutio1nse The

us~e o: Teat2.on-like conical. bearinp
onsuz~s '~fr an ani a

- N "v ery degma a ,rz-re3."-tance.
Du'ing oper'La in o.&.the mizers

* it for sevomal tbzusand hours at 1o.
t.Of ZrCtO3 of 120-1560 rXi no vi.sible
t.as of wear rae. deteoted. Mi

- z- xi±= rub or revolutan at
whi±ch the work t the mixer :"evins

- - .stable is 4004VW rp-.

.. 2. CU1ituxe6 V63sel With Fiur P. Zc-s the OU2.Un-
o'10tLng mixer, cove., a.d Yeast! !., az assenib"Led faxm. A

rtopeocic for runofl of cosead type alrou3.at-ion sys2tem Is
~i~l ~p~nion.Used IM aeR.OIltivh it 6==%03s tbe

contimaus and "wotmectod rlor' oX
n=.tur* of &:L le-th carbion dioe-da hog h ".l,.a '705a- vsse.

o~or th- s-artao of the liu$6. Sazr tthe ._31-474 tbrie'1* of
Xw11i::o and pE regulator *'= tts tmdlua. When us~mg zrt--ic~t

a_!,ch contaln sod.,' bicixtoate a bu~ffe systaz Is fox!ned
-- ch tawwas the peasibility of varyig the W- by cArgepi In tbe
zoacentrztio of Cgin tbe Stsso23 pbA~e. Otbar bcffr syToza
c=I ba "a3d for sa "I:'zaato the ;Ga, haover apperently the
-'-to= CC 2_ _'-&M0 is profembl. &i1=46 it not~ only *=aureua the
2_o3slbillty olt t A tom2weniet regulati Of ipE but also stsablishs,

.C onti;-1 entry Or Cog, which is very Lnportazt for the
atP cellsff7.

TIA- use at a closed systnm 5s exampen~azt from the -point Ckf VIOU
c: Oconomy !n 't2:* exyendUture of CO0 sad a~lso the coo~an1ewe or

'.nIts coacantzation in the X5.OrLs flow in CQ*UaIson W-4It
t C~ to h lhch uze _ce*_wred S~seew z ~xtrres LOc- aeration.

A gat4 An.-re beat devoloxil for tt3 continuous z*o:LzUre-
'f the p-,etat. of CO In the iseor floz, As a sent it1T5e

Z;C:r. i.: bmas a br13ip tbsL sc&cowt ic l~m. Mia p,).iui.-
0.o3tabliZhnt oZ the required acoent-action, of'.CC is carried

za.%!L- the belp of a regulatog eqr~ip.;d with s. scale~is is
elto in fractions of parcAst of C02 frO- I uP - f Or



-~ech~O~r2 A I lay s7st=m wudt~ticaZlv reic.; zz6 conrt:t.ca
P.CO2~ tb. C culaztO system c th zabse v1lue, ""ter

owmb aeeouent deviatio=a from t :_ assignsd vPa1xe, both anIrCS
z~ac~eare aIevIed r-t - an accu-acy of t O.1;;*

~!.anm27ze. a onta~ms a t!'- 'e2.ay -l' o= ".;ter-
Svax-+ntnoqan~-the ci~rcullt owtrao1~ms t.!e --elZy cxaeItO-S. * TL
-IteaUa lbetweem tzo zsei1 h!=S-o-z and a.Zso t.._e c,ct o: A%-! fo

,,a=ppWrmg t!:.e 7qur.4 Sazeots ecpcer-t c= be vai-cd rl'~~do
ranes.-Piaro3 hzia t:ae basic circult for thio =zmS±n =it

Ime brI4k Pickczp !. ca~eotad Cl t..o .-- t of the :L7-Iazie
:.j&wft~ te stblie paver xupy ot t:-.c boice. by =o.,s of pu

*C~~G~. tO OIP5 O !3itanCO "20-R29 and -0-%
*- ca1S~te4 sbzmts to me. a: t!A ai'=s of t:-s bricge xet._ ta

:V~O-V4Ch .tba z'qu~xod pBaO1t&go Of 0 i3 esta1l.s.*b. M:O_
.wealstanO3 0 t3o an-n serve for th.o !==ital ~ of

-, -r ba2ame fom the bridge whe.a thai'e Is =o C32 Lz thue a:- 1'eir,

ft mS ma"~ fw br4 Ag =ba3azce, c ~p~~~ to t.w di.:ererc e
f'bw~~ac tual onaantratlon of C02 and thist i'qru~d, !.a caflverteZ

with the .. Up of vibrapack ? Lt 1z&P l ed -j. sta.o r o' &=p=I~-
to- as andI a Vu~gh an iso2^zu tasfoner rach~es a ~z-eii

7-2Tbinlcad la, the datoctor Sj~c1des the w ~m a polr-zizcd
~ vn ipe 3-AP5, tba coat z of wbich d4x2Iln, opratio c:,cze the
PmW 3up;ay CXcrit of Um e ?say ex.amto-S !.n t:. a.tG.

Ttg aperatioml vltaS or tUs pO~&rized --slay Is . IV,-J~~

beAgs 4.s carried out frax a atabil~zers asembled o-- 3eiCOrdUetQ

4.tM. sow."8 the stsw~lizction ooe~fcle-Int 0: %mc ja :20 1CzC

7 The aawi device 12 Beates. thM e 4 to Of =!),13=0 Of
_,tand~a dev~.ce P2 - tbe .i.;Ply of cw-e±~ far' t~ kux

The zwnwjig uznit is comcted vdith ths aL.to=s.Lo= ux!t an' the
.-s.pover smpI7 =it vhfh in. strctuL-&1I.. uetod wPith !t v-qth the~

btJ~ o Puig comnco Ge, The basic clrezit fo= the aatemtioc-
-an 3wnm? supply unit Is ycoented !=a Pic, 4

vwith t!* belp of a tim xAy mthich is ace.-pg4ha o t~i tro~a
% - a co3A cathode type :Mh-90 (LgL3). Mis Izterva betwewi 2

~ a deouned by the t!.m constan~t of the Sri4 zlx
raf L (15.0 -16' C,6 ). ?Xx=a va2zo of the interwial Is 5 tltes.

6.
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th bhno t'a=-, of t:ot-o; --d -,-,'-- of ~ oflrt

t Z Clrzcult Q.V a=Oc3 -rC7-a: s3uZ;Pl- LZ, MS 1 Gc f the
IS --s-3t rC"' two -n tflo ) Occ-3 okr

Th m.-nU3s of th-e ;cpvo SU:- zo-.raa 1- onc~ -- lly
&4snd ?. tbxoz~ thea coA'.tzets o. pol=rIZ34 ,.1& -- 5. Depending

o.- thb polr.nity ot the s. o pic= unba.1ameo, r:,SIch Is dater-
=_Od tbt 6=4033. or d~f OA=07 Cf C~o 2 --- tae 6-seoui ur

!Olativa to the actablisihed vtluo, '%e contact- o: ?~-5 close te
ci'cu~~~~.t~ la. -z. ihy f'-~? th contactz 2-4 or

r~la7 P?5 zit2 oomtaot'L 2-1. As- a --Csu1-t'cC f .s d.ima th oyora-
tlon ofc the t~.m ir17 theo P=Oe' L3pyciot& campltaly closed
Only for owe of tae relay executazi.

Ding ope-rtion --clay -- aw-Itohei, on the magne-4c va~x~.ioh
tWplies CO to the atom yte. el ? ichas Go 1-...1 amir-
;esaozrah, =pp).ies the portlon oA' st0~:o:!zd air. if at the
noent of oper-aton o: tas tine rel-a7 the - c&Aao in the poroen-

tagSOf CO fl-- nOrinL2. is less ta.A O.21 th* 00-taotS Of t 10
yol~e-z May -ain c~ma ad the ra2Ay *;-cutore doc not copertee

Mis possiblilty i13 als o provided f~rthe mailSwtchUzx on
of the sapqly olt CO aze. air' aithV. ttz help cf buttons - aMnA
Tbis :Ls neccssary d&-Ing th, it4'Setting~ ":: or the ;Z1440e
cacentration of C02 &An albo If there Is t!:L =eessity of blo~lzr,
out the AIX systom. -;,U the elements of the system- 7hich Are U8c-
essar-y in thar!mo~tatc cozr: . e±s~pased In a xtndr tbezrostato

0-- t 2A .,'-zt ror~ir4-r model o: the spta= Zox' vs;efld..d OIlti -
vition a prclon.ged checok s mida CC the (rial.ty &t& fttiorml
capabilities af th oQ;jst :t r c-,*Vab 1z:*e that .t-e aq12p-

C=m ope=*6 cowt!==A1 "or a -v-b" of~-.ot enxar"'in% tbe

intial do ,=ntat-Ion for t!Le GTQ!ij=Ant =3s tz-amzitted to t22e
desifp br- ,au OIL luS&R A..2da=7 of !Zt"C Sciences fwn* delg pjm;-
oe4ss 2Mnd --rduotion- of a test oo.~~~

rho Aut.2or uld !1;Ce to e.-.Prss :~IA 4.oep te 2zrf*32so
V. K. Thdanv for n-.s sc!entli±c Suidan in car-,in3 out this Vozk,
to Doctor ofS oiernce3 V. 1, C-a,-rI2ov for 2:z-1 In omkn
oct the bIc'oGo.al-ineer!=S reLeozt3 for the systam, wAz to

90



V~~mo student -. S. Xnotsy d to Se~zicr Lajborat-o=y t

,qle=..=enI v:t:.t eq i:)rznt boing testod Cdetailed zez"01, CW 0

- Tb author zould. also .ik to -"0~ba:~~k o ow'kr
TXh.-A. Ba3ed!.inO'7. Z~ No. N ko, an4 H, I , S~uG-,- -Prom tb.z labo=-
ator'y of Bif'lcaonclc at tizz Institute ef VS:zology i--n± Do lo
Ivanov-3kogc. to-- taking part iL- the pr a."rat-co= and ad,,- k of
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